Two new cerebrosides, termitomycesphins G and H, were isolated from the edible Chinese mushroom, Termitomyces albuminosus (Berk.) Herm., and exhibited neuritogenic activity against PC12 cells. Their structures and absolute stereochemistry were elucidated by spectroscopic methods and by a comparison of the specific rotation of the hydrogenated products from termitomycesphins H and C. These cerebrosides possessed a unique modification by a hydroxyl group at the middle of the long-chain base, like earlier congeners termitomycesphins A-F. Termitomycesphin G with a 16-carbonchain fatty acid showed higher neuritogenic activity than that of termitomycesphin H with an 18-carbon-chain fatty acid. This effect was observed within the termitomycesphins, suggesting that the chain length of the fatty acyl moiety played a key role in the neuritogenic activity.
The nerve growth factor (NGF) 1) is the best characterized neurotrophic factor that plays a role in the stimulation, survival and functional maintenance of cholinergic neurons. It can be considered as a therapeutic agent for use in the diseases resulting from neuronal degeneration, including Alzheimer's disease.
2) Experimental evidence has indicated that NGF regulated the cholinergic function, prevented the loss of cholinergic neurons and improved the memory in animal models of Alzheimer's disease. 3, 4) However, because NGF has a large molecular size and hydrophilic properties, it is unable to cross the blood-brain barrier.
5) It is difficult for NGF as a medicine to treat neurodegenerative disorders, so more attention has been focused on the small molecules that mimic the neurotrophic properties of NGF.
6) The PC12 cell line derived from rat pheochromocytoma cells exhibits the characteristic neuronal properties which respond to NGF. It is considered to be a useful model for screening small-molecule candidates. 7) Our previous search for these compounds with the PC12 cell line enabled us to isolate six novel cerebrosides, 8, 9) a series of steroidal glycosides 10) and alkyl benzoates. 11, 12) Termitomycesphins A-F, 8, 9) which were isolated from the Chinese mushroom, Termitomyces albuminosus (Berk.) Heim., showed significant neuritogenic activity. Further examination of this mushroom extract resulted in the isolation of two new derivatives, termitomycesphins G (1) and H (2) (Fig. 1) . We describe in this paper the isolation, structures and biological activity of these new bioactive compounds. (Table 1) , these being similar to the known compound, termitomycesphin C (3).
Results and Discussion

Structural elucidation
8) The remarkable difference in NMR data between termitomycesphins H (2) and C (3) is that the signals due to a trans olefin (C7-C8) in 3 are replaced by two methylenes ( 7;8H 1.65; 7C 24.4 and 8C 42.5) in 2. The other NMR data of 2 are similar to those of 3. An analysis of the DQFCOSY and HMQC spectra led to the determination of the partial structures of 2: a -glucoside moiety, C1-C7, C2 0 -C4 0 , and two terminal methyls linked with a long methylene chain. The HMBC spectrum (Fig. 2) shows that these partial structures were connected to give the overall structure of 2. The correlations of H-7, H-8 and H-10 with C-9, H-11 with C-10, and the methyl protons (H-19) with C-8, C-9 and C-10 indicated the gross structure of a long-chain base (LCB). The correlations from N-H to C-1 0 revealed the connectivity of the fatty acyl and LCB moieties, and the correlations of anomeric H-1 00 to C-1 and of H-1 to C-1
00
showed the location of the sugar moiety. The two carbon-chain lengths of 2 were determined by an MS/ MS analysis. The positive FAB-MS/MS data for 2, using the precursor ion of m=z 797 ðM þ NaÞ þ , displayed an intense daughter ion at m=z 514 due to an (M þ Na-fatty acyl group) þ , indicating that the fatty acyl moiety of 2 possessed a mass of 283, i.e., 18 carbon atoms. The absolute stereochemistry was determined by comparing the specific rotation of the hydrogenated y To whom correspondence should be addressed. Jianhua QI, Tel/Fax: +86-571-88208627; E-mail: qijianhua@zju.edu.cn; Makoto OJIKA, Tel: +81-52-789-4284; E-mail: ojika@agr.nagoya-u.ac.jp products from 2 and 3. Although these hydrogenated derivatives are not the same compounds (the twomethylene difference in the fatty acyl moiety), the difference seems to have little effect on the specific rotation. The specific rotation of dihydrotermitomycesphin H (4) D þ9:7 (c 0.14, MeOH)], indicating that the absolute configuration of 2 is the same as that of 3. The absolute stereostructure of compound 2, except for position 9, was thus determined to be that shown in Fig. 1 .
The molecular formula of termitomycesphin G (1), C 41 H 79 NO 10 , was determined by HRESI-TOF-MS measurements. The NMR data of 1 were identical to those of 2, except that the molecular formula was less than that of 2 by C 2 H 4 . Furthermore, the positive FAB-MS/MS data for 1 showed an intense daughter ion at m=z 514 (M þ Na-fatty acyl group) þ , indicating 1 to possess 16 carbon atoms in the fatty acyl moiety. The stereochemistry of 1 was assumed to be the same as that of 2, based on the same NMR data and similar specific rotation.
Biological activity
In comparison with the solvent (0.5% DMSO) and the positive control NGF (40 ng/mL, Fig. 3A) , termitomycesphins G (1) and H (2) respectively showed the maximum neuritogenic activity of 49% and 35% at 1 mM 48 h after the treatment. Termitomycesphin C (3), an earlier congener, showed slightly higher activity (60% at 1 mM) than 1, suggesting that the trans olefin (C7-C8) of 3 had a small effect on the biological activity toward PC12 cells. Our previous work 8, 9) has shown that termitomycesphins A, C and E possessing a C16 -hydroxy fatty acyl group had higher neuritogenic activity than did termitomycesphins B, D and F possessing a C18 -hydroxy fatty acyl group. This effect was also apparent for termitomycesphins G (1) and H (2), suggesting that the chain length of the fatty acyl group of termitomycesphins played a key role in the neuritogenic activity. Figure 3B shows the morphological changes in the PC12 cells 48 h after treating with 1-3 in comparison with the solvent control (0.5% DMSO, a) and with NGF (40 ng/mL, b). After treating with 1 and 3 at 1 mM, the PC12 cells showed significantly long bipolar and multipolar neurite outgrowth. Little long neurite outgrowth was apparent when treated with 2 at 1 mM. In contrast, the control cells showed some short neurite outgrowth, while NGF induced multipolar neurite outgrowth of the cells.
The two new cerebrosides, 1 and 2, exhibited neuritogenic activity against PC12 cells. They possessed a unique modification by a hydroxyl group at the middle of the LCB. Cerebrosides with a 16-carbon-chain fatty acyl group showed higher activity than those with an 18-carbon-chain fatty acyl group. This suggests that the chain length of the fatty acyl moiety of termitomycesphins played an important role in their neuritogenic activity.
Experimental
General information. HPLC was performed by a Jasco highpressure gradient system with PU-980 pumps and a Jasco UV-970 detector at 205 nm. The optical rotation data were measured by a Jasco P-1030 digital polarimeter. FAB-MS/MS data were recorded by a Jeol JMS-700 MStation spectrometer in the positive mode, using a mixture of thioglycerol and m-nitrobenzyl alcohol as the matrix. HRESI-MS (positive) data were recorded by a PE SCIEX QSTAR mass spectrometer, using a mixture of CsI and sex pheromone inhibitor iPD1 (MW 829; Bachem) as a calibration standard. ESI-MS (positive) data were recorded by a Bruker Esquire-LC-00075 spectrometer. NMR spectra were recorded by a Bruker AMX-600 or Bruker AV III-500 spectrometer, the NMR chemical shifts in (ppm) being referenced to the solvent peaks of C 123.4 and H 7.19 for C 5 D 5 N. Isolation. We have described in detail in our previous work the isolation and purification process for termitomycesphins A-F. 8, 9) Briefly, the EtOH extract of the T. albuminosus mushroom was partitioned between BuOH and H 2 O. The active BuOH fraction was chromatographed on ODS and then on silica gel to give four fractions. The third fraction (249.0 mg) was purified by reversed-phase HPLC, eluting with MeOH/H 2 O (90:10), to afford crude 1 (7.6 mg, t R ¼ 110 min) and crude 2 (12.8 mg, t R ¼ 189 min). Pure termitomycesphin G (1; 1.8 mg) was obtained from the crude sample (7. , precursor) þ , 514.5 (M þ Na-fatty acyl) þ , 320.5. See Table 1 Bioassay method. The neuritogenic activities of these compounds were evaluated according to the methods described in previous papers. 8, 9) A suspension of 20,000 PC12 cells in 1 mL of a DMEM medium was inoculated in a 24-well microplate and then pre-cultured at 37 C in a humidified atmosphere of 5% CO 2 . After 24 h, the medium was replaced by 1 mL of the serum-free DMEM medium containing DMSO (0.5%) or a test sample, and the morphological change to the cells was monitored 48 h later under a phase-contrast microscope. About 100 cells were counted in a randomly chosen field, this being conducted in triplicate. 
